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In order to facilitate biosensor analyses of interactions on
membrane surfaces, a method of immobilizing liposome using
anchoring amphiphilic peptides was developed. Intact liposomes
were immobilized stably on a quartz crystal microbalance
electrode and were applied to a quantitative study of glycoli-
pids–protein interactions.

Many of biomolecular interactions which are crucial for cell
processes occur at membrane surfaces. Since most membrane-
bound molecules are likely to have different structures and bind-
ing affinities in solution, it is desirable to immobilize them onto
analytical devices together with reconstituted membrane sys-
tems for investigating these interactions. Supporting planer lipid
membranes onto solid surfaces yields stable membrane systems
reproducibly,1 but these films have less fluidity and cannot mim-
ic perfectly plasma environments. Therefore immobilization of
intact liposomes on sensor surfaces has attracted much attention.
The modifications of both liposomes and sensors chip for assem-
bling them with intermolecular interaction, such as histidine
tag–nickel chelate,2 biotin–avidin complex,3 DNA duplex4 and
antibodies–antigen complex,5 have been reported. Although
lipophilic anchors attached to hydrogel are widely used for
immobilizing liposomes due to unnecessity of tethered lipids,6

detailed kinetic studies have been scarcely reported. Transfor-
mation to a planer bilayer at a critical coverage limits both the
sensitivity and reproducibility.7 To prepare a stable liposomes
adlayer without fusing membranes, we have proposed an immo-
bilizing method based on small-peptides instead of polymeric
anchors.8 Herein we present the immobilization of intact lipo-
somes onto the Au layer of a quartz crystal microbalance
(QCM) and its analytical application to the detection of pro-
tein–carbohydrate interactions.

The preparation of a liposomal QCM sensor electrode
followed the procedure depicted in Figure 1. A cleaned Au
electrode was exposed to a HEPES-buffered 1mM solution of
the synthetic anchor peptide (K9WA5C: KKKKKKKKKW-
AAAAAC), which contains an amphiphilic segment with a
cysteine residue for Au-binding. Adsorption mass changes of
the electrode were monitored by QCM equipped with an
AT-cut 27MHz quartz plate. Throughout all measurements in
this work, the surface densities of bound peptides were adjusted
to 0.67 pmol/mm2 by the addition of an appropriate amount of
peptide solutions.

To assess liposome binding by QCM, the peptide-modified
electrode was cleaned with 50mM HEPES buffer, before an
aliquot of 100-nm liposomes containing phosphatidylcholine
(PC), phosphatidylserine (PS) and cholesterol (Chol) was
added.9 The maximum frequency shift showed that the
K9WA5C peptides immobilized liposome at a density of

22 ng/mm2. This surface density, which is more than five
times the amount of material expected for formation of a planar
lipid bilayer (ca. 4 ng/mm2), includes the weight of a solution
encapsulated by the intact liposomes. The significant mass
decrease by treatment with detergent (Triton X-100) which
disrupts liposomes was also observed. The absorbed mass was
reduced by 80–85% using variant sequences in which the
Lys segment was truncated or the Trp position was altered.8

Interestingly, desorption of liposome from the saturated
adlayer was not detected for buffer exchanges while the initial
adsorption processes could be satisfactorily described by simple
Langmuir adsorption kinetics.

Nonruptured liposomes on the peptide-modified Au sub-
strate were observed directly with atomic force microscopy.9

K9WA5C-modified surfaces kept liposomes intact at considera-
bly higher adsorption coverage than a glass substrate as one of
the hydrophilic surfaces. These results showed that the Au sur-
face is not hydrophilic enough to induce membrane fusion de-
spite amphiphilic modification, unlike hydrophilic surfaces and
polymers which are known to induce fusion of liposomes.7b,10 In
addition, the penetration of K9WA5C into liposomes is shallow
because Lys segments prefer to be located close to the aqueous
phase and the Trp side chain is located near the lipid carbonyl
region11 whereas fusogenic protein produces a large hydropho-
bic perturbation which would lead to fusion.12

To validate our approach, we measured the well-studied in-
teractions of lectins with monosialoganglioside GM1 (GM1) and
asialoganglioside GM1 (GA1) in immobilized liposomes using
K9WA5C. The stepwise frequency shift as a result of binding
between GM1 and peanut agglutinin (PNA), which has a binding

Figure 1. Schematic illustration of the liposome-immobilized
QCM sensor probe: Au electrode surface prepared by (i) adsorp-
tion of K9WA5C via Au/thiol contact and (ii) immobilization of
liposomes which contains 10mol% glycolipids, followed by
(iii) addition of lectin to detect the interaction.
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site for disaccharide Gal(�1-3)GalNAc of GM1, was observed
whereas the frequency was hardly decreased by using lens culi-
naris hemagglutinin (LcH) which shows absence of interaction
with GM1 (Figure 2a). The time courses were consistent over
several hours without irregular drifts caused by agglutination.

The glycolipid–lectin binding constants (Ka) and the
maximum binding amounts (�mmax) were obtained from the
binding isotherms of PNA and wheat germ agglutinin (WGA)
(Figure 2b). For GM1–PNA interaction �mmax ¼ 2:3� 0:1
ng/mm2 and Ka ¼ 3:2� 0:4� 106 M�1 were obtained, while
for GA1–PNA, Ka reads 4:1� 0:3� 106 M�1 and �mmax ¼
2:3� 0:2 ng/mm2. The higher binding constant of PNA to
GA1 demonstrates that the sialic acid (NeuAc) linked to GM1
impairs the binding. The equality of both �mmax shares similar-
ity with the findings obtained from liposomal affinity chromatog-
raphy13 rather than those from QCM study of a hybrid bilayer
composed of octanethiol and lipids/GM1 on electrodes.14 For
WGA as ligand to GM1, we obtained values of Ka ¼ 1:2�
0:2� 106 M�1 and �mmax ¼ 0:8� 0:1 ng/mm2, which was a
third of �mmax for PNA, corresponding to the molecular
weight of WGA.15 The relatively low affinity of WGA has been
reported. The significant small �mmax for WGA–GA1 shows
that the binding target of WGA is a sialic acid. All the binding
constants and binding amounts, as observed above, were fairly

consistent with each other and showed the effectiveness of
our approach.

Here we have demonstrated that our facile method based on
small peptides is applicable to determination of the kinetics of
glycolipid–lectin interactions. There are two advantages to use
this liposome-immobilizing approach: (1) there is no need to
dope tethered lipid to liposomes, though (2) the liposomes can
be captured without fusing at high enough densities to allow
the reliable study of biomembrane interaction. Moreover, it is
a great advantage utilizing the liposomal sensor in the analysis
of ligand binding to a transmembrane receptor. The quantitative
evaluation of the difference between the lectin–glycolipid
affinity on intact liposomes and those on the supported hybrid
bilayer is now in progress.

The authors are grateful to Prof. M. Komiyama (Tokyo
University) for the matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry analysis and the helpful
discussion.
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Figure 2. a) Typical time courses of frequency changes of a
27MHz quartz plate with GM1-doped liposome-immobilized
electrode upon a stepwise addition of lectin to yield a 1mM
solution. Symbols: PNA (circle) and LcH (square). b) The
binding isotherm of PNA (circuler) and WGA (square) to
GM1 (closed mark) or GA1 (open mark) on liposomes in
HEPES buffer at 37 �C.
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